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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a method for
determining the influence of experimental parameters on
a liquid chromatography protocol for purifying one or
more target molecules from a sample, and more partic-
ularly to a simplified method for evaluation of the influ-
ence of different experimental parameters allowing a us-
er to more readily visually determine trends and the in-
fluence of the experimental parameters on the liquid
chromatography protocol.

BACKGROUND OF THE INVENTION

[0002] Biotechnological methods are used to an in-
creasing extent in the production of proteins, peptides,
nucleic acids and other biological molecules and com-
pounds, for research purposes as well as in order to pre-
pare novel kinds of drugs. Due to its versatility and sen-
sitivity to the compounds, liquid chromatography is often
the preferred purification method in this context. The term
liquid chromatography embraces a family of closely re-
lated separation methods, which are all based on the
principle that two mutually immiscible phases are brought
into contact. More specifically, the target compound is
introduced into a mobile (liquid) phase, which is contact-
ed with a stationary phase. The target compound will
then undergo a series of interactions between the sta-
tionary and mobile phases as it is being carried through
the system by the mobile phase. In brief, the concept of
chromatography relates to the separation of target mol-
ecules from other molecules in a sample based on dif-
ferences in their respective physical or chemical proper-
ties in relation to the mobile and the stationary phases.
Examples of commonly used chromatography purifica-
tion techniques includes, but is not limited to: affinity chro-
matography (AC), Immobilized metal ion affinity chroma-
tography (IMAC), flow-through chromatography, ion ex-
change chromatography (IEX), size-exclusion chroma-
tography, reversed-phase chromatography (RPC), sim-
ulated moving-bed chromatography, hydrophobic inter-
action chromatography (HIC), gel filtration (GF), chroma-
to-focusing and the like. Sometimes a purification proto-
col includes two or more purification steps of the using
the same or different purification techniques.
[0003] The performance of a chromatography purifica-
tion protocol is usually registered as a "chromatogram"
by monitoring one or more output parameters during the
purification. The output parameter may be any parameter
that can be registered and which is representative of the
performance of the purification. Examples of output pa-
rameters include, but are not limited to: UV absorbance
at one or more wavelengths, conductivity, light scattering
detection, fluorescence emission, mass-spectroscopy. A
schematic example of a chromatogram 10 is shown in
fig 1 wherein the solid line 20 represents the registered

output parameter, e.g. UV absorbance of the eluted sam-
ple flow. The dashed line 30 represents a linear gradient
of an eluent parameter e.g. pH, and interval A represents
the fraction of the elution flow that contains the purified
target substance as indicated by a peak in the registered
output parameter value. One challenge when designing
a new a liquid chromatography protocol for purifying one
or more target molecules from a sample is to determine
the influence of different experimental parameters in or-
der to find the best possible chromatography protocol
settings. One common goal is to find a chromatography
protocol which provides the target molecule of sufficient
purity and yield to a low cost and as fast as possible. In
this process, time is a crucial factor in order to speed up
e.g. the over-all drug development processes. Automa-
tion of purifications using automated liquid chromatogra-
phy systems like ÄKTA™ avant and ÄKTA™ pure from
GE Healthcare makes it possible to quickly try out differ-
ent experimental conditions but generates lots of data
that needs to be evaluated to decide how to proceed to
achieve the goal.
[0004] WO 00/45929 A1 discloses a liquid chromatog-
raphy system which displays results.

SUMMARY OF THE INVENTION

[0005] The object of the invention is to provide a new
method for determining the influence of at least a first
and a second experimental parameter on a liquid chro-
matography protocol. which method and biosensor sys-
tem overcomes one or more drawbacks of the prior art.
This is achieved by the method as defined in independent
claim 1.
[0006] The current invention supports the user’s deci-
sion making and thus speeds up the time from experiment
to concluding results. The invention utilises information
from the experimental setup and links it to the results so
that data can be automatically organized to visualize the
impact of different experimental conditions. In this way
trends can be easily revealed. The user can more quickly
come to a decision what purification protocol to use to
fulfil the needs.
[0007] A more complete understanding of the present
invention, as well as further features and advantages
thereof, will be obtained by reference to the following
detailed description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Figure 1 is a schematic example of a chromatogram.
Figure 2 is an illustration of how to determine reso-
lution of a chromatogram.
Figures 3a and 3b show two examples of chromato-
gram with different resolution.
Figures 4a and 4b show two examples of chromato-
gram with different selectivity.
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Figure 5 shows a schematic block diagram of one
embodiment of a method according to the present
invention.
Figures 6 to 14 illustrate different embodiments of
the present invention.
Figure 15 shows a schematic block diagram of a liq-
uid chromatography system according to one em-
bodiment of the present invention..

DETAILED DESCRIPTION OF THE INVENTION

[0009] As mentioned above, the present invention re-
lates to a method for determining the influence of least
a first and a second experimental parameter on a liquid
chromatography protocol for purifying one or more target
molecules from a sample.

Definitions:

[0010] Throughout this specification and the claims the
following terms are used in accordance with the following
non-limiting definitions:
Liquid chromatography purification/ Purification: As men-
tioned above, the term liquid chromatography purification
refers to any current or future chromatography-based act
or process of purifying one or more target molecules from
a sample, e.g. by the removal of impurities and/or other
non-target molecules. Examples of liquid chromatogra-
phy purification include, but are not limited to: affinity
chromatography, immobilized metal ion affinity chroma-
tography flow-through chromatography, ion exchange
chromatography, size-exclusion chromatography, re-
versed-phase chromatography, simulated moving-bed
chromatography, hydrophobic interaction chromatogra-
phy, gel filtration, chromato-focusing. Further, through-
out the specification and claims the term "purification" is
used as a short form for "liquid chromatography purifica-
tion" and is intended to have the same meaning. How-
ever, the scope of related terms like purifying, purifies,
purified, pure, etc. are in no way limited in scope by this
definition.
[0011] Experimental parameter: The term "experimen-
tal parameter" refers to any parameter that can be mod-
ified and which may have an influence on the perform-
ance of a liquid chromatography protocol. An experimen-
tal parameter may be a variable parameter that can be
varied over a continuous range, like pH, ionic strength or
flow rate of an eluent etc., but also the rate of change of
a gradient or the like. Further an experimental parameter
may be of discrete type where the parameter can only
be set to different discrete states, like chromatography
media type, type of salt in eluent etc, but also the pres-
ence of a specific additive or not -i.e. an on-off parameter.
Further, as is evident to one skilled in the art, some ex-
perimental parameters may be of discrete type in one
phase of the evaluation but variable in another, e.g. eval-
uation of type of salt in eluent in a first phase and eval-
uation of salt concentration and or gradient characteris-

tics in a second phase. Examples of experimental pa-
rameters include, but are not limited to: eluent ionic
strength, eluent pH, eluent flow rate, eluent type, column
characteristics, chromatography media characteristics,
load pH, load conductivity, load concentration, load
mass, load HCP, load additive, wash volume, wash pH,
wash conductivity, wash additive, step elution level, Step
elution volume, gradient target level, gradient volume,
cut OD, buffer system, media type, bed height, flow ve-
locity, residence time, type of salt, solvent, buffer addi-
tive.
[0012] Liquid chromatography protocol: The term "liq-
uid chromatography protocol" refers to a protocol defin-
ing the settings of experimental parameters for a chro-
matography purification process. A liquid chromatogra-
phy protocol may comprise one or more chromatography
purification steps, and may further be combined with oth-
er steps, like filtration and the like.
[0013] Target molecule: The term "target molecule" re-
fers to the molecule to be separated and thus purified
from one or more other molecules in a sample based on
differences in their respective physical or chemical prop-
erties in relation to the mobile and the stationary phases.
The target molecule may be a biomolecule, such as a
protein, antibody, polypeptide, polynucleotide, DNA or
the like
[0014] Sample: The term "sample" refers to the initial
liquid sample at least comprising the target molecule to
be separated and thus purified. The sample may be any
liquid comprising the target molecule, such as a biolog-
ically derived sample liquid, e.g. originating from a cell
culture, a living organism, a body liquid or the like.
[0015] Chromatogram: The term "chromatogram" re-
fers to a graphical representation of one or more output
parameters as registered during at least a part of the
chromatography purification. The chromatogram may
present the output parameter as a function of time, ac-
cumulated volume or any other parameter relevant for
the chromatography purification.
[0016] Output parameter: The term "output parameter"
refers to a registerable parameter that is indicative of the
result of a chromatography purification. The output pa-
rameter may e.g. be a measurement of one or more prop-
erties in the output flow from a chromatography purifica-
tion and the output parameter(s) may be selected from,
but are not limited to: UV absorbance at one or more
wavelengths, conductivity, light scattering detection, flu-
orescence emission, mass-spectroscopy, registered
flow, registered pH, registered pressure.
[0017] Quality metric: The term "quality metric" refers
to any metric representative of the quality of the chroma-
tography purification. A quality metric may be a metric
determined from one or more chromatograms registered
during the chromatography purification, it may be a metric
derived from a purification result parameter such as pu-
rity, purification time etc., or it may be a complex metric
calculated from a combination of several parameters.
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Development of chromatography purification protocols:

[0018] As mentioned, the need to obtain a target mol-
ecule with sufficient purity and quantity in an efficient and
economical way applies essentially to any chromatogra-
phy purification protocol, from preparation of an enriched
protein extract for biochemical characterization to large-
scale production of a therapeutic recombinant protein or
the like.
[0019] As mentioned, a chromatography purification
protocol may comprise one or more purification steps,
and in one example a protocol comprises three purifica-
tion steps commonly referred to as capture, intermediate
purification, and polishing. Table 1 illustrates relative
characteristics for a selection of different chromatogra-
phy purification techniques and relative use in the differ-
ent purification steps of a three step protocol. When de-
signing a chromatography purification protocol there are
four important performance parameters to consider when
planning each purification step: resolution, capacity,
speed, and recovery. Optimization of any one of these
four parameters can be achieved only at the expense of
the others, and each purification step will be a compro-
mise. The importance of each parameter will vary de-
pending on the purpose of each purification step,
e.g.whether a purification step is used for capture, inter-
mediate purification, or polishing or the like. Purification
methods should be selected and optimized to meet the
objectives for each purification step. Even though recov-
ery may not be the key parameter to be optimized, it will
nonetheless be of concern in any preparative situation,
especially for production of a high-value product, and it
is then important to assay for recovery during optimiza-
tion of the capture step.

[0020] The optimal balance between capacity and res-
olution must be defined for each case. As in a capture
stage, selectivity will be important, not only to achieve
high binding capacity for the target molecule. However,
in contrast to most capture steps, selectivity during elu-
tion is important and is usually achieved by applying a
continuous gradient or a multi-step elution procedure.
[0021] In addition to the different selectivities available
through the various purification methods, the purification
efficiency depends strongly on the selection of different
chromatography media available for each method. The
efficiency, flow resistance, selectivity, and capacity differ
between media. The particle size of the medium strongly
affects efficiency and flow resistance.
[0022] A medium with large beads give columns with
low efficiency (the peaks are broad) and low backpres-
sure, whereas small beads give high efficiency and high
backpressure. Early in the purification process (e.g., the
capture stage) high speed is often required because the
sample volume is large and the sample quickly needs to
be stabilized. There is less focus on the resolution. Chro-
matography media with large particles should be select-
ed that give low backpressure at high flow rates. In the
polishing stage focus is put on high purity, which can be
obtained with chromatography media with high efficien-
cy, that is, small beads. These media give higher back-
pressure that may require lower flow rates and columns
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that resist high pressure. These limitations are accepta-
ble because the sample volume and amounts in this
stage are smaller.

Protocol development

[0023] Development of a chromatography purification
protocol, e.g. for a biopharmaceutical drug, requires lab-
oratory-scale purification to obtain material for research
and throughout the discovery and development phases.
When the first purification protocol is being developed,
future process development needs to be considered by
avoiding the use of methods that cannot be efficiently
scaled up. Regulatory requirements also change when
moving from a purification process for the explorative dis-
covery environment to a purification process for the high-
ly regulated production environment.
[0024] Process development involves choosing and
optimizing chromatography methods and noting how
they are optimized with respect not only to basic perform-
ance but also to robustness, simplicity, costs, capacity,
and so on. Similarly, the choice of proper chromatogra-
phy media should be made in terms of chemical and
physical stability, functionality, reproducibility, and so on.
A thorough knowledge of the purification parameter
space is needed to ensure a robust process. It is therefore
necessary to explore a wide range of chromatography
conditions early, to increase process understanding and
increase the likelihood of developing a robust purification
process.
[0025] In column chromatography purification, the tar-
get molecule may be separated from contaminants by
binding to the stationary phase (the chromatography me-
dium), followed by selective elution or, alternatively, by
binding impurities, allowing the target protein to pass
through the column without being retained. Alternatively,
purifications may be performed under conditions that de-
lay sample components (without binding), thereby giving
different elution positions. GF is one example of this latter
method.
[0026] Binding of target molecules allows fractionation
during the elution step. Elution is achieved by changing
the conditions in the eluent, for example, by increasing
salt concentration, changing pH, or adding substances
that compete with the target protein for the ligands on
the chromatography medium.
[0027] There are three possible elution methods:

• Gradient elution: The eluent composition is changed
continuously toward conditions favoring dissociation
of target molecules from the chromatography medi-
um. Elution position will differ between substances
e.g. depending on their affinity.

• Stepwise elution: The eluent composition is changed
stepwise, at one or several occasions. Several sub-
stances may be eluted in each step.

• Isocratic elution: The composition of the eluent is
selected to give weak or no interactions between

sample components and chromatography medium,
and the conditions are kept unchanged during the
entire purification (binding and elution). The target
protein passes through the column slower or faster
than impurities.

[0028] Gradient elution allows separation of compo-
nents with a wider range of properties compared with
isocratic elution, and peak tailing is reduced. The steeper
the gradient, the closer the target molecules will be elut-
ed. Gradients are in most cases linear, but can in some
cases be convex, concave, or with a custom-pro-
grammed shape in order to optimize the resolution within
certain parts of the gradient. Stepwise elution is a faster
alternative to gradient elution; it uses discrete steps in-
stead of a continuous gradient. The buffer consumption
is lower, and simpler equipment, for example, manual
formats, can be used. Therefore, stepwise elution is often
preferred for routine and large-scale purifications. Opti-
mization may be required to achieve satisfactory results.
Often optimization of elution conditions is performed by
gradient elution, and suitable conditions are selected and
then used for step elution.
[0029] The resolution of a chromatographic purification
is a combination of the distance between the peaks eluted
from the column (selectivity) and the ability of the column
to produce narrow, symmetrical peaks (efficiency).
These factors are influenced by practical factors such as
matrix properties, binding and elution conditions, column
packing, flow rates, and system peak broadening. Res-
olution (Rs) is defined as the distance between peak
maxima compared with the average base width (Wb) of
the two peaks. Rs can be determined from a chromato-
gram, as shown in Fig. 2. 

[0030] Elution volumes and peak widths are measured
with the same units to give a dimensionless resolution
value. Rs gives a measure of the relative separation be-
tween two peaks and can be used to determine if further
optimization of the chromatography procedure is neces-
sary. If Rs = 1.0, then 98% purity has been achieved at
98% of peak recovery, provided the peaks are symmet-
rical and approximately equal in size. Baseline resolution
requires that Rs > 1.5. At this value, the peak purity is
nearly 100% as is illustrated in figs. 3a and 3b.
[0031] A single, well-resolved peak is not necessarily
a pure substance, but may represent several compo-
nents that could not be separated under the chosen elu-
tion conditions. Further purification may be required us-
ing an alternative chromatography method.
[0032] Column efficiency is characterized as the ability
to elute narrow, symmetrical peaks from a packed bed,
and relates to the peak broadening that occurs on the
column and is frequently stated in terms of the number
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of theoretical plates. The key factors for efficiency are
bead size, column dimensions, packing of the column,
and flow rate. High efficiency also requires small peak
broadening, in the column and in the chromatography
system; see the section on peak broadening below. Good
column packing gives high efficiency. This is especially
true for GF columns. Uneven packing, a too tightly or too
loosely packed bed, or a bed containing air bubbles will
lead to uneven passage of sample (and buffer) through
the column, peak broadening, and hence loss of resolu-
tion.
[0033] The particle size is a significant factor for effi-
ciency. The smallest particles will give the most efficient
mass transfer, which results in the narrowest peaks un-
der suitable elution conditions and with a well-packed
column. Although efficiency can be improved by decreas-
ing the particle size of the matrix, using smaller particles
creates an increase in backpressure so that flow rates
need to be decreased, thus lengthening the run time.
Hence it is preferable to match the chromatography me-
dium with the requirements for the purification (speed,
resolution, purity, etc.).
[0034] Selectivity is characterized as the degree of
separation between peaks, and it has a great impact on
resolution and is a more important factor than high effi-
ciency in determining resolution as illustrated in figs. 4a
and 4b.
[0035] Selectivity depends on several factors: the na-
ture of the ligand (for AC, IEX, HIC, etc.) and its degree
of substitution and distribution on the matrix (IEX and
HIC); and the characteristics of the matrix, especially the
pore structure (GF). The selectivity obviously also de-
pends on the target molecule, the impurities, and condi-
tions used for purification, including mode of elution. Es-
tablishing a balance between these properties leads to
a well-resolved, highly selective separation.
[0036] Resolution greatly depends on the selectivity
and efficiency of the chromatography medium. In addition
to this, the column hardware and the chromatography
system give a broadening of the peaks that are eluted.
One of the main causes of peak broadening is longitudi-
nal diffusion (diffusion in the column direction) of the sam-
ple. Peak broadening can be minimized if the distances
available for longitudinal diffusion are minimized, for ex-
ample, by keeping columns as short as possible while
still obtaining enough selectivity. The combination of
chromatography medium and column hardware should
be carefully selected.
[0037] The design of the chromatography system and
the suitable combination of column and system is impor-
tant to avoid extensive peak broadening. All components
in the flow path of the chromatography system will con-
tribute to peak broadening to a different degree, for ex-
ample, tubing/capillaries, cells for in-line detection,
valves, and so on. The length of the tubing should be as
short as possible. The tubing diameter will also greatly
affect peak broadening. Chromatography systems for
high-resolution chromatography should thus have short

and narrow tubing. To obtain the best resolution, it may
be necessary to optimize the flow path and only connect
the necessary components, for example, column valves,
and in-line cells for pH or conductivity measurements.
[0038] Hence it can be concluded that there are a
wealth of experimental parameters that need to be es-
tablished in order to provide an optimized liquid chroma-
tography protocol. And there is a need for facilitating the
process of determining the influence of experimental pa-
rameters on a liquid chromatography protocol for purify-
ing one or more target molecules from a sample. The
present invention relates to a visualization tool that as-
sists the user of the tool in the decision process to achieve
an improved or even optimized chromatography proto-
col.
[0039] According to one embodiment schematically
disclosed in fig. 5 there is provided a method 90 for de-
termining the influence of least a first and a second ex-
perimental parameter on a liquid chromatography proto-
col for purifying one or more target molecules from a sam-
ple, comprising the steps:

- performing chromatography purifications 110 of the
sample at a plurality of different experimental condi-
tions where at least the first and the second experi-
mental parameter each are varied over a predeter-
mined range, each purification being registered as
a chromatogram 110 by monitoring an output param-
eter indicative of the purification result during the pu-
rification; and

- displaying 120 at least a subset of the registered
chromatograms as chromatogram-miniatures 140 in
a diagram 130 wherein the position of each displayed
chromatogram-miniature 140 is determined by the
experimental parameters for the corresponding pu-
rification, thereby allowing a user to visually deter-
mine trends and the influence of the experimental
parameters on the liquid chromatography protocol.

[0040] As mentioned above, the least a first and a sec-
ond experimental parameters refers to any parameter
that can be modified and which may have an influence
on the performance of a liquid chromatography protocol.
As different experimental parameters may influence the
same or similar properties in the chromatography purifi-
cation result, the method comprises the step of:

- performing chromatography purifications of the sam-
ple at a plurality of different experimental conditions
where at least the first and the second experimental
parameter each are varied over a predetermined
range,

[0041] By providing a plurality of purifications at differ-
ent experimental conditions where two different experi-
mental parameters each are varied it is thus possible to
investigate the influence and interaction between said
experimental parameters on the registered properties.

9 10 
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The number of chromatography purifications that are per-
formed at different experimental conditions should be se-
lected to provide an "interaction plane" for the pair of
experimental parameters. In one example there are four
different experimental conditions wherein the first and
the second experimental parameters are each varied be-
tween a first and a second state such that the conditions
are:

[0042] In other examples, one or more of the experi-
mental parameters may be set to one or more interme-
diate states, thus providing additional experimental con-
ditions. Further, as some experimental parameters may
be difficult to control, the same state (e.g. High) may not
necessarily mean the same parameter value but rather
a relative setting. In one example comprising intermedi-
ate parameter states the following conditions are ex-
plored:

[0043] In this example, purifications are performed at
5 different experimental conditions, but the mid-mid con-
dition is repeated in between the other conditions in order
to provide a reliability measure by comparing the results
from the mid-mid purifications. In other examples, purifi-
cations may be performed at 6 or more different experi-
mental conditions depending on the nature of the exper-
imental parameters, e.g. 7, 8, 9, 10, 15, 20, 25 or more
including any intermediate number. According to one em-
bodiment, the plurality of different experimental condi-
tions are determined using a statistical design of exper-
iments (DoE) module.
[0044] In the present method, each purification is reg-
istered as a chromatogram by monitoring an output pa-
rameter during the purification. The term "output param-

Table 2:

Par. 1 Par 2

1 Low Low

2 High Low

3 Low High

4 High High

Table 3:

Par. 1 Par 2

1 Low Low

2 Mid Mid

3 High Low

4 Mid Mid

5 Low High

6 Mid Mid

7 High High

eter" refers to a registerable parameter that is indicative
of the result of a chromatography purification. Examples
of output parameters include but are not limited to: UV
absorbance at one or more wavelengths, conductivity,
light scattering detection, fluorescence emission, mass-
spectroscopy, registered flow, registered pH, registered
pressure. The output parameter is suitably measured in
line in the flow path downstream of the chromatography
purification.
[0045] According to one embodiment, each chroma-
tography purification may involve one or more of: affinity
chromatography, immobilized metal ion affinity chroma-
tography flow-through chromatography, ion exchange
chromatography, size-exclusion chromatography, re-
versed-phase chromatography, simulated moving-bed
chromatography, hydrophobic interaction chromatogra-
phy, gel filtration, chromato-focusing, as disclosed more
in detail above. Depending on the type of chromatogra-
phy purification involved, as well as the desired result of
the investigation, the experimental parameters that are
varied may be selected from a wide range of parameters
including but not limited to:

• Eluent parameters like: eluent ionic strength, eluent
pH, eluent flow rate, eluent type, step elution level,
Step elution volume, gradient target level, gradient
volume or the like

• Hardware and media parameters like: column char-
acteristics, chromatography media characteristics,
media type, bed height or the like

• Sample load parameters like: load pH, load conduc-
tivity, load concentration, load mass, load HCP, load
additive or the like

• Wash step parameters like: wash volume, wash pH,
wash conductivity, wash additive or the like

• Buffer parameters like: cut OD, buffer system, type
of salt, solvent, buffer additive or the like.

• Process settings like:flow velocity, residence time or
the like.

[0046] In accordance with one embodiment, the step
of displaying 120 at least a subset of the registered chro-
matograms as chromatogram-miniatures 140 in a dia-
gram 130 involves displaying the chromatogram-minia-
tures at respective positions based on the relative order
of the experimental parameters for the corresponding ex-
periment. Fig. 6a and 6b show schematic diagrams 130
for two examples wherein the experimental parameters
are varied in accordance with table 2 and 3 respectively,
and wherein each chromatogram-miniature 140 is ar-
ranged at the corresponding relative position in the dia-
gram 130. In figs 6a and 6b the diagram 130 provides a
"matrix representation" of the plurality of different exper-
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imental conditions, which may be used both with discrete
as well as continuous type experimental parameters. In
one embodiment where at least one of the experimental
parameters is a continuous parameter, the value of the
parameter may not be identical for the same relative po-
sition although the corresponding chromatogram-minia-
ture 140 is shown in the matrix position corresponding
to the relative position, e.g. high, medium or low respec-
tively.
[0047] By providing a visual representation in a dia-
gram 130 of the resulting chromatograms as chromato-
gram-miniatures 140 at the relative positions corre-
sponding to the plurality of different experimental condi-
tions users are allowed to visually determine trends and
the influence of the experimental parameters on the liquid
chromatography protocol, based directly on their inter-
pretation of the resulting appearance of the respective
chromatogram-miniatures 140. Compared to conven-
tional methods of evaluating the influence of the experi-
mental parameters wherein each chromatogram is
viewed independently or in overlay mode, or wherein re-
sult parameter values are extracted from the chromato-
grams and presented as data vales in a diagram, the
present method provides a wealth of additional informa-
tion intuitively accessible to the user.
[0048] In Figs. 6a and 6b the chromatogram-minia-
tures 140 are shown as schematic chromatograms, but
it should be understood that the chromatogram-minia-
tures 140 should represent the monitored output param-
eter chromatogram. In some cases the series of chroma-
tography purifications includes two or more purifications
performed at the same experimental conditions, e.g. as
is shown above in table 3, and the corresponding chro-
matogram-miniatures 140 may then be displayed as a
multi chromatogram-miniature 150 at the same relative
position in the diagram, e.g. as shown in fig. 6b wherein
the chromatogram-miniatures are shown side by side at
the mid-mid position or alternatively grouped around the
experimental parameter position. Such a multi chroma-
togram-miniature 150 may further be displayed as an
overlay chromatogram-miniature wherein the different
chromatograms may be shown in different colors, line
type or the like, as a 3D representation or the like. Still
alternatively, chromatograms registered at the same ex-
perimental conditions may be displayed using a differ-
ence plot technique adapted to indicate the variation be-
tween the different chromatograms.
[0049] According to one embodiment, the chromato-
gram miniatures are displayed using a normalized scale
whereby a user readily can determine differences in yield
and the like.
[0050] In one embodiment, each purification is regis-
tered as two or more chromatograms by monitoring two
or more output parameters during the purification. The
two or more registered chromatograms may be displayed
similarly to multi chromatogram-miniatures according to
above or as separate diagrams that may be selected by
the user in the graphical user interface. In one embodi-

ment two or more output parameter curves may be dis-
played in the same chromatogram-miniature whereby it
is possible to see the correlation between the two or more
output parameters. Still further, the chromatogram-min-
iatures may comprise a curve representing an experi-
mental parameter, such as eluent gradient or the like.
[0051] According to one embodiment, schematically
disclosed in Fig. 7, the diagram 130 comprises coordi-
nate system having a first dimension representing the
value of the first experimental parameter and having a
second dimension representing the value of the second
experimental parameter and wherein the chromatogram-
miniatures 140 are positioned at the coordinates defined
by the experimental parameters for the corresponding
experiment. In Fig. 7, the chromatograms registered for
the mid-mid position is schematically disclosed as a 3D
multi chromatogram-miniature 150. By displaying the
chromatogram-miniatures 140 in a coordinate system as
illustrated in fig. 7 variations in the experimental param-
eters for the different purifications are directly displayed
in an intuitive way. Moreover, additional purifications at
freely selectable experimental conditions may be dis-
played.
[0052] Many times, the method of determining the in-
fluence of least a first and a second experimental param-
eter involves repeating the steps of performing chroma-
tography purification and displaying registered chroma-
tograms, wherein at least one of the first and the second
experimental parameter is varied over a narrower range,
as determined from the step of displaying registered
chromatograms. The selection of the narrower range for
the experimental parameters is made by the user based
on the results presented in the diagram. According to one
embodiment, schematically disclosed in figs. 8 and 9, the
step of defining chromatography protocol parameters for
a subsequent chromatography purification experiment is
performed by selecting one or more experimental param-
eter coordinates in the diagram. This selection may e.g
be performed by marking a desired parameter region 160
in the diagram 130 using a pointer 170 or the like in the
graphical user interface. In fig. 8 the selected parameter
region 160 is shown as a rectangle selection, but in al-
ternative embodiments the selection may be of any
shape. In fig. 9 the diagram 130 is a matrix type diagram
where chromatogram-miniatures are positioned based
on the relative order of the experimental parameters for
the corresponding experiment rather than the experi-
mental parameter coordinates, but in order to enable in-
tuitive selection of a narrower range for the experimental
parameters, the selection is performed in an overlay co-
ordinate system whereby the selection is transformed
into real parameter ranges for subsequent experiments.
[0053] According to one embodiment, as schematical-
ly disclosed in figs. 10 and 11, the present method com-
prises the step of predicting the chromatogram for ex-
perimental parameters in the diagram for which no ex-
perimental chromatogram has been registered and dis-
playing a predicted chromatogram-miniature 180 at the
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corresponding position in the diagram 130. The predic-
tion of the chromatogram miniature may be based on
interpolation algorithms using the chromatograms regis-
tered for the experimental parameters, or the like. Fig.
10 shows a diagram 130 of relative matrix type where
experimental chromatogram miniatures are not available
for certain parameter combinations, e.g. high-mid and
mid-high, and wherein predicted chromatogram-minia-
tures 180 are displayed in said positions. As is indicated
in fig. 10, the predicted chromatogram-miniatures 180
are preferably graphically distinguishable from experi-
mental chromatogram-miniatures 140, e.g. by color, line
type or the like. According to one embodiment, schemat-
ically disclosed in fig. 11, the step of predicting the chro-
matogram is performed in response to a user selection
in the diagram whereby a chromatogram is predicted for
the selected experimental parameter coordinates in the
diagram and a predicted chromatogram-miniature 180 is
displayed at the corresponding position. The selection of
experimental parameters may e.g. be performed using
a pointer device in the diagram coordinate system. In one
embodiment, the predicted chromatogram-miniature 180
is updated in case the pointer is moved with respect to
the experimental parameter coordinates. The parameter
selections of predicted chromatogram-miniatures 180
may further be used as input parameters for performing
additional purification experiments. In such cases, sub-
sequent experimental purification chromatograms may
be analyzed and used to update the chromatogram pre-
diction algorithm, e.g. by machine learning.
[0054] According to one embodiment, the different ex-
perimental conditions involve varying one or more addi-
tional experimental parameter in order to determine the
influence of a third or more experimental parameters.
Such at least one of the additional experimental param-
eters may be displayed as an overlay diagram wherein
the parameter value e.g. can be scrolled by means of a
pointer device or the like. In one embodiment, the entire
diagram 130 including all chromatogram miniatures 140
may be scrolled simultaneously, but alternatively each
chromatogram miniature 140 may be scrolled individually
in order to focus on the effect of said at least one of the
additional experimental parameter at a particular exper-
imental condition in the diagram. Further, one of said at
least one additional experimental parameters may be dis-
played in a third dimension for each chromatogram-min-
iature 130 (not displayed).
[0055] According to one embodiment, the present
method comprises the step of determining one or more
quality metrics associated with the chromatograms, and
wherein the quality metric(s) is displayed in the diagram
in combination with the chromatogram miniatures. Ac-
cording to one embodiment, at least one quality metric
is derived from one or more of the output parameters and
is selected from the group of: resolution, efficiency, se-
lectivity, peak area, asymmetry and peak-broadening of
the registered chromatogram. According to one embod-
iment, at least one quality metric is derived from a puri-

fication result parameter selected from the group of: pu-
rity, purification time, yield, results from external analysis
of the purified sample, an output parameter different than
the displayed parameter and purification cost. Fig. 12
shows some schematic examples of how said quality
metric(s) may displayed in the diagram in combination
with the chromatogram miniatures. In the top two chro-
matogram miniatures 190, the quality metrics are provid-
ed as parameter values Q1, Q2... in association with the
respective chromatogram miniatures 190, whereas in the
bottom two chromatogram miniatures 200, a quality met-
ric is provided as a bar graph indicating the value of the
quality parameter. In fig. 13 , a quality metric is schemat-
ically provided as a "heat map" in the diagram thus indi-
cating the influence of the experimental parameters on
said quality metric over the whole span of the experimen-
tal parameters.
[0056] The present method further comprises various
ways of comparing chromatograms with each other to
facilitate the determination of influence of the experimen-
tal parameters. Fig. 14 shows one schematic example
wherein two chromatograms are presented in an overlay
plot following a drag and drop operation on the chroma-
togram-miniatures performed by a user. According to this
feature, a user may drag one of the chromatogram-min-
iatures 210 and drop it onto another chromatogram-min-
iature 220 using a pointer device or the like, and the
graphical user interface is arranged to display an en-
larged overlay plot 230 in response to the drop operation.
The graphical user interface implementing the method
of the present invention may comprise a range of similar
ways of interacting with the chromatogram-miniatures in
order to facilitate evaluation process.
[0057] The method according to claim 1 may be imple-
mented in a liquid chromatography system 300 (which
does not form part of the present invention). Such a liquid
chromatography 300 system may comprise:

an automated fluidics module 310 for performing flu-
idics operations in association with liquid chroma-
tography purifications.
an experiment design module 330 configured to al-
low a user to define an experimental sequence of
liquid chromatography purification protocols for de-
termining the influence of at least a first and a second
experimental parameter on a liquid chromatography
protocol for purifying one or more target molecules
from a sample, the experimental sequence compris-
ing a plurality of different experimental conditions
where at least a first and a second experimental pa-
rameter each are varied over a predetermined range;
an purification control module 340 for controlling the
operation of the chromatography system in accord-
ance with the experimental sequence,
and purification registration module 350 for register-
ing the result of each purification as a chromatogram
by monitoring an output parameter during the purifi-
cation,
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an purification evaluation module 360 arranged to
present on a display 370 at least a subset of the
registered chromatograms as chromatogram-minia-
tures in a diagram wherein the position of each dis-
played chromatogram-miniature is determined by
the experimental parameters for the corresponding
purification, thereby allowing a user to visually de-
termine trends and the influence of the experimental
parameters on the liquid chromatography protocol.

[0058] Still further there is provided a computer pro-
gram arranged to perform the method according to the
above method steps when executed on a computer com-
prising processor and a display unit.

Claims

1. A method for determining the influence of least a first
and a second experimental parameter on a liquid
chromatography protocol for purifying one or more
target molecules from a sample, comprising the
steps:

- performing chromatography purifications of the
sample at a plurality of different experimental
conditions where at least the first and the second
experimental parameter each are varied over a
predetermined range, each purification being
registered as a chromatogram by monitoring an
output parameter indicative of the purification re-
sult during the purification; and
- displaying in a graphical user interface at least
a subset of the registered chromatograms as
chromatogram-miniatures in an evaluation dia-
gram wherein the position of each displayed
chromatogram-miniature is determined by the
experimental parameters for the corresponding
purification, thereby allowing a user to visually
determine trends and the influence of the exper-
imental parameters on the liquid chromatogra-
phy protocol.

2. A method according to claim 1 wherein each chro-
matography purification involves one or more of: af-
finity chromatography, flow-through chromatogra-
phy, ion exchange chromatography, size-exclusion
chromatography, reversed-phase chromatography,
simulated moving-bed chromatography, hydropho-
bic interaction chromatography, chromatofocusing.

3. A method according to claim 1 or 2 wherein the ex-
perimental parameters are selected from: eluent ion-
ic strength, eluent pH, eluent flow rate, eluent type,
column characteristics, chromatography media
characteristics, load pH, load conductivity, load con-
centration, load mass, load HCP, load additive, wash
volume, wash pH, wash conductivity, wash additive,

step elution level, Step elution volume, gradient tar-
get level, gradient volume, cut OD, buffer system,
media type, bed height, flow velocity, residence time,
type of salt, solvent, buffer additive.

4. A method according to anyone of the preceding
claims wherein each purification being registered as
two or more chromatograms by monitoring two or
more output parameters during the purification.

5. A method according to anyone of the preceding
claims wherein the output parameter(s) is selected
from the group of: UV absorbance at one or more
wavelengths, conductivity, light scattering detection,
fluorescence emission, mass-spectroscopy, regis-
tered flow, registered pH, registered pressure.

6. A method according to anyone of the preceding
claims comprising repeating the steps of performing
chromatography purification and displaying regis-
tered chromatograms, wherein at least one of the
first and the second experimental parameter is var-
ied over a narrower range, as determined from the
step of displaying registered chromatograms.

7. A method according to any one of claims 1 to 6, com-
prising the step of defining chromatography protocol
parameters for a subsequent chromatography puri-
fication experiment by selecting one or more exper-
imental parameter coordinates representing the val-
ues of the first and second experimental parameters
in the evaluation diagram, wherein said diagram
comprises a coordinate system having a first dimen-
sion representing the value of the first experimental
parameter and having a second dimension repre-
senting the value of the second experimental param-
eter and wherein the chromatogram-miniatures are
positioned at the coordinates defined by the exper-
imental parameters for the corresponding experi-
ment.

8. A method according to claim 7 comprising the step
of, in response to a user selection in the diagram,
predicting the chromatogram for experimental pa-
rameter coordinates in the diagram and displaying
an predicted chromatogram.

9. A method according to anyone of the preceding
claims wherein the different experimental conditions
involve varying one or more additional experimental
parameter.

10. A method according to anyone of the preceding
claims wherein two or more chromatograms are reg-
istered for the same experimental parameters, and
wherein the two or more chromatograms are dis-
played in the same chromatogram miniature or as
individual chromatogram miniatures grouped
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around the experimental parameter position.

11. A method according to anyone of the preceding
claims comprising the step of evaluating one or more
chromatogram to determine one or more quality met-
rics associated with the chromatogram, and wherein
the quality metric(s) is displayed in the diagram in
combination with the chromatogram miniatures.

12. A method according to any one of the preceding
claims, wherein one quality metric is derived from
one or more of the output parameters and is selected
from the group of: resolution, efficiency, selectivity,
peak area, asymmetry, and peak-broadening of the
chromatogram and wherein all chromatogram mini-
atures are displayed using a normalized scale.

13. A method according to claim 10 wherein one quality
metric is derived from a purification result parameter
selected from the group of: purity, purification time,
yield, biological activity, results from external analy-
sis of the purified sample, an output parameter dif-
ferent than the displayed parameter and purification
cost, and wherein all chromatogram miniatures are
displayed using a normalized scale.

14. A computer program arranged to perform the method
according to anyone of claims 1 to 13 when executed
on a computer comprising processor and a display
unit, said computer being arranged in a liquid chro-
matography system.

Patentansprüche

1. Verfahren zum Bestimmen des Einflusses mindes-
tens eines ersten und eines zweiten Versuchspara-
meters auf ein Flüssigchromatografieprotokoll zum
Reinigen eines oder mehrerer Zielmoleküle von ei-
ner Probe, umfassend die folgenden Schritte:

- Durchführen von Chromatografiereinigungen
der Probe bei einer Vielzahl unterschiedlicher
Versuchsbedingungen, wobei mindestens der
erste und der zweite Versuchsparameter jeweils
über einen vorgegebenen Bereich variiert wer-
den, wobei jede Reinigung durch Überwachen
eines für das Reinigungsergebnis indikativen
Ausgabeparameters während der Reinigung als
Chromatogramm registriert wird; und
- Anzeigen, in einer grafischen Benutzeroberflä-
che, mindestens einer Untergruppe der regist-
rierten Chromatogramme als Chromatogramm-
Miniaturen in einem Auswertungsdiagramm,
wobei die Position jeder angezeigten Chroma-
togramm-Miniatur durch die Versuchsparame-
ter für die entsprechende Reinigung bestimmt
wird, wodurch einem Benutzer erlaubt wird,

Tendenzen und den Einfluss der Versuchspa-
rameter auf das Flüssigchromatografieprotokoll
visuell zu bestimmen.

2. Verfahren nach Anspruch 1, wobei jede Chromato-
grafiereinigung eine oder mehrere von: Affinitäts-
chromatografie, Durchflusschromatografie, Ionen-
austauschchromatografie, Größenausschlusschro-
matografie, Umkehrphasenchromatografie, SMB-
Chromatografie (SMB = Simulated Moving Bed), hy-
drophober Interaktionschromatografie, Chromatofo-
kussierung beinhaltet.

3. Verfahren nach Anspruch 1 oder 2, wobei die Ver-
suchsparameter ausgewählt sind aus: lonenstärke
des Eluenten, pH-Wert des Eluenten, Fließrate des
Eluenten, Art des Eluenten, Merkmalen der Säule,
Merkmalen der Chromatografiemedien, pH-Wert
der Beladung, Leitfähigkeit der Beladung, Konzent-
ration der Beladung, Masse der Beladung, HCP der
Beladung, Additiv der Beladung, Volumen der
Waschlösung, pH-Wert der Waschlösung, Leitfähig-
keit der Waschlösung, Additiv der Waschlösung,
Stufe der schrittweisen Elution, Volumen der schritt-
weisen Elution, Gradientenzielstufe, Gradientenvo-
lumen, Cut-OD, Puffersystem, Art der Medien, Bett-
höhe, Fließgeschwindigkeit, Verweilzeit, Art des Sal-
zes, Lösungsmittel, Pufferadditiv.

4. Verfahren nach einem der vorstehenden Ansprüche,
wobei jede Reinigung durch Überwachen von zwei
oder mehr Ausgabeparametern während der Reini-
gung als zwei oder mehr Chromatogramme regist-
riert wird.

5. Verfahren nach einem der vorstehenden Ansprüche,
wobei der/die Ausgabeparameter ausgewählt wer-
den aus der Gruppe von: UV-Absorption bei einer
oder mehreren Wellenlängen, Leitfähigkeit, Licht-
streudetektion, Fluoreszenzemission, Massenspek-
troskopie, registriertem Fluss, registriertem pH-
Wert, registriertem Druck.

6. Verfahren nach einem der vorstehenden Ansprüche,
umfassend das Wiederholen der Schritte des Durch-
führens einer Chromatografiereinigung und Anzei-
gens registrierter Chromatogramme, wobei mindes-
tens einer des ersten und des zweiten Versuchspa-
rameters über einen engeren Bereich variiert wird,
wie aus dem Schritt des Anzeigens registrierter
Chromatogramme bestimmt.

7. Verfahren nach einem der Ansprüche 1 bis 6, um-
fassend den Schritt des Definierens von Chromato-
grafieprotokollparametern für einen nachfolgenden
Chromatografiereinigungsversuch durch Auswäh-
len von einer oder mehreren Versuchsparameterko-
ordinaten, die die Werte des ersten und zweiten Ver-
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suchsparameters in dem Auswertungsdiagramm
darstellen, wobei das Diagramm ein Koordinaten-
system umfasst, das eine erste Dimension aufweist,
die den Wert des ersten Versuchsparameters dar-
stellt, und eine zweite Dimension aufweist, die den
Wert des zweiten Versuchsparameters darstellt, und
wobei die Chromatogramm-Miniaturen an den durch
die Versuchsparameter für den entsprechenden
Versuch definierten Koordinaten positioniert sind.

8. Verfahren nach Anspruch 7, umfassend den Schritt
des Vorhersagens, in Reaktion auf eine Benutzer-
auswahl in dem Diagramm, des Chromatogramms
für Versuchsparameterkoordinaten in dem Dia-
gramm und Anzeigens eines vorhergesagten Chro-
matogramms.

9. Verfahren nach einem der vorstehenden Ansprüche,
wobei die unterschiedlichen Versuchsbedingungen
das Variieren von einem oder mehreren zusätzli-
chen Versuchsparametern beinhaltet.

10. Verfahren nach einem der vorstehenden Ansprüche,
wobei zwei oder mehr Chromatogramme für die glei-
chen Versuchsparameter registriert werden und wo-
bei die zwei oder mehr Chromatogramme in der glei-
chen Chromatogramm-Miniatur oder als individuelle
Chromatogramm-Miniaturen, die um die Ver-
suchsparameterposition herum gruppiert sind, an-
gezeigt werden.

11. Verfahren nach einem der vorstehenden Ansprüche,
umfassend den Schritt des Auswertens von einem
oder mehreren Chromatogrammen, um eine oder
mehrere Qualitätsmetriken im Zusammenhang mit
dem Chromatogramm zu bestimmen, und wobei die
Qualitätsmetrik(en) in dem Diagramm in Kombinati-
on mit den Chromatogramm-Miniaturen angezeigt
werden.

12. Verfahren nach einem der vorstehenden Ansprüche,
wobei eine Qualitätsmetrik abgeleitet ist von einem
oder mehreren der Ausgabeparameter und ausge-
wählt ist aus der Gruppe von: Auflösung, Wirkungs-
grad, Selektivität, Peakfläche, Asymmetrie und
Peak-Verbreiterung des Chromatogramms und wo-
bei alle Chromatogramm-Miniaturen unter Verwen-
dung einer normalisierten Skala angezeigt werden.

13. Verfahren nach Anspruch 10, wobei eine Qualitäts-
metrik aus einem Reinigungsergebnisparameter ab-
geleitet wird, der ausgewählt wird aus der Gruppe
von: Reinheit, Reinigungszeit, Ausbeute, biologi-
scher Aktivität, Ergebnissen einer externen Analyse
der gereinigten Probe, einem Ausgabeparameter,
der von dem angezeigten Parameter verschieden
ist, und Reinigungskosten, und wobei alle Chroma-
togramm-Miniaturen unter Verwendung einer nor-

malisierten Skala angezeigt werden.

14. Computerprogramm, das angeordnet ist, um das
Verfahren nach einem der Ansprüche 1 bis 13 durch-
zuführen, wenn es auf einem einen Prozessor und
eine Anzeigeeinheit umfassenden Computer ausge-
führt wird, wobei der Computer in einem Flüssigchro-
matografiesystem angeordnet ist.

Revendications

1. Procédé pour déterminer l’influence d’au moins des
premier et second paramètres expérimentaux sur un
protocole de chromatographie en phase liquide pour
purifier une ou plusieurs molécules cibles à partir
d’un échantillon, comprenant les étapes consistant
à :

- effectuer des purifications chromatographi-
ques de l’échantillon dans une pluralité de con-
ditions expérimentales différentes où au moins
les premier et second paramètre expérimental
varient chacun sur une plage prédéterminée,
chaque purification étant enregistrée en tant que
chromatogramme en commandant un paramè-
tre de sortie indiquant le résultat de purification
pendant la purification ; et
- afficher dans une interface utilisateur graphi-
que au moins un sous-ensemble des chroma-
togrammes enregistrés sous la forme de minia-
tures de chromatogramme dans un diagramme
d’évaluation dans lequel la position de chaque
miniature de chromatogramme affichée est dé-
terminée par les paramètres expérimentaux
pour la purification correspondante, en permet-
tant ainsi à un utilisateur de déterminer visuel-
lement des tendances et l’influence des para-
mètres expérimentaux sur le protocole de chro-
matographie en phase liquide.

2. Procédé selon la revendication 1, dans lequel cha-
que purification chromatographique implique une ou
plusieurs parmi : une chromatographie d’affinité,
une chromatographie en flux continu, chromatogra-
phie d’échange d’ions, une chromatographie par ex-
clusion de taille, une chromatographie en phase in-
verse, une chromatographie en lit mobile simulé, une
chromatographie en interaction hydrophobe, une
chromatofocalisation.

3. Procédé selon la revendication 1 ou 2 dans lequel
les paramètres expérimentaux sont choisis parmi :
une force ionique d’éluant, un pH d’éluant, un débit
d’écoulement d’éluant, un type d’éluant, des carac-
téristiques de colonne, des caractéristiques de sup-
port de chromatographie, un pH de charge, une con-
ductivité de charge, une concentration de charge,
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une masse de charge, une HCP de charge, un additif
de charge, un volume de lavage, un pH de lavage,
une conductivité de lavage, un additif de lavage, un
niveau d’élution par étape, un volume d’élution par
étape, un niveau cible de gradient, un volume de
gradient, un OD coupé, un système de tampon, un
type de milieu, une hauteur du lit, une vitesse d’écou-
lement, un temps de séjour, un type de sel, un sol-
vant, un additif tampon.

4. Procédé selon l’une quelconque des revendications
précédentes dans lequel chaque purification est en-
registrée sous la forme de deux chromatogrammes
ou plus en surveillant deux paramètres de sortie ou
plus pendant la purification.

5. Procédé selon l’une quelconque des revendications
précédentes dans lequel le ou les paramètres de
sortie sont choisis dans le groupe comprenant : ab-
sorption d’UV à une ou plusieurs longueurs d’onde,
conductivité, détection de diffusion de lumière, émis-
sion de fluorescence, spectroscopie de masse,
écoulement enregistré, pH enregistré, pression en-
registrée.

6. Procédé selon l’une quelconque des revendications
précédentes comprenant la répétition des étapes de
réalisation de purification chromatographique et
d’affichage de chromatogrammes enregistrés, dans
lequel au moins l’un des premiers et seconds para-
mètres expérimentaux est modifié sur une plage plus
étroite, comme déterminé à partir de l’étape d’affi-
chage de chromatogrammes enregistrés.

7. Procédé selon l’une quelconque des revendications
1 à 6, comprenant l’étape consistant à définir des
paramètres de protocole de chromatographie pour
une expérience de purification chromatographique
ultérieure en sélectionnant une ou plusieurs coor-
données de paramètre expérimental représentant
les valeurs des premier et second paramètres expé-
rimentaux dans le diagramme d’évaluation, dans le-
quel ledit diagramme comprend un système de coor-
données ayant une première dimension représen-
tant la valeur du premier paramètre expérimental et
ayant une seconde dimension représentant la valeur
du second paramètre expérimental, et dans lequel
les miniatures de chromatogramme sont position-
nées aux coordonnées définies par les paramètres
expérimentaux pour l’expérience correspondante.

8. Procédé selon la revendication 7 comprenant l’étape
consistant à, en réponse à une sélection d’utilisateur
dans le diagramme, prédire le chromatogramme
pour des coordonnées de paramètre expérimental
dans le diagramme et afficher un chromatogramme
prévu.

9. Procédé selon l’une quelconque des revendications
précédentes dans lequel les différentes conditions
expérimentales impliquent de modifier un ou plu-
sieurs paramètres expérimentaux supplémentaires.

10. Procédé selon l’une quelconque des revendications
précédentes dans lequel deux chromatogrammes
ou plus sont enregistrés pour les mêmes paramètres
expérimentaux, et dans lequel les deux chromato-
grammes ou plus sont affichés dans la même minia-
ture de chromatogramme ou sous la forme de mi-
niatures de chromatogramme individuelles grou-
pées autour de la position de paramètre expérimen-
tal.

11. Procédé selon l’une quelconque des revendications
précédentes, comprenant l’étape d’évaluation d’un
ou plusieurs chromatogrammes afin de déterminer
une ou plusieurs métriques de qualité associées au
chromatogramme, et dans lequel la ou les métri-
que(s) de qualité sont affichées dans le diagramme
en combinaison avec les miniatures de chromato-
gramme.

12. Procédé selon l’une quelconque des revendications
précédentes, dans lequel une métrique de qualité
est déduite à partir d’un ou plusieurs des paramètres
de sortie et est sélectionnée dans le groupe
comprenant : résolution, efficacité, sélectivité, sur-
face de pic, asymétrie, et élargissement de pic du
chromatogramme, et dans lequel toutes les minia-
tures de chromatogramme sont affichées en utilisant
une échelle normalisée.

13. Procédé selon la revendication 10 dans lequel une
métrique de qualité est déduite d’un paramètre de
résultat de purification choisi dans le groupe
comprenant : pureté, temps de purification, rende-
ment, activité biologique, résultats d’une analyse ex-
terne de l’échantillon purifié, paramètre de sortie dif-
férent du paramètre affiché et du coût de purification,
et dans lequel toutes les miniatures de chromato-
gramme sont affichées en utilisant une échelle nor-
malisée.

14. Programme informatique agencé pour exécuter le
procédé selon l’une quelconque des revendications
1 à 13 lorsqu’il est exécuté sur un ordinateur com-
prenant un processeur et une unité d’affichage, ledit
ordinateur étant agencé dans un système de chro-
matographie en phase liquide.
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